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(57) ABSTRACT

A method for balancing electric consumption generated by
a plurality of electric loads includes: estimating an absorbed
energy (E,) by the loads 1n a predetermined time interval,
and 11 a value of the estimation of absorbed energy by the
loads 1s not within an interval defined by a minimum and a
maximum consumption threshold, calculating a quantity of
energy to be varied in accordance with a difference between
the value of the estimation of the absorbed energy and an
expected value of energy, determining a strategy comprising
at least an action to be carried out to vary the energy supplied
to the single loads, with an aim of reducing the difference
between the estimated absorbed energy and the expected
value thereof, actuating a scheduling of electric consump-

tion 1n accordance with a determined strategy.

10 Claims, 7 Drawing Sheets

| :
;' N '
% AR e P14
N % 7
T T8 %? a Y, B
| Av vz
} :
| ;
| e
) | et e
&7 |
LY
.
;o 60
i 1
AR
. Market }
ODAETRLOY :
e o e e e e e e e - f.’._,-*"‘
T
el
r ““““““““““““ e T
et T e I ﬁETjj
45 | A
* 3
e LN —
1
I |
_ i
1
—~—
20 e /

10 100
r'ft "
i f E
rrr— . P et it
- .
R AR il R mEa L —— e ] E
N & ! %
- 3 SRS !
i .:'f \
’ | s
] ; L_' P’l EF] aer @
] T -
~ : ""“"'-'»1- g ray
2U ; N 8
,ffﬂ % HHHM
x%m
Hh"\_\_‘_
mmmmmm e o o e S, e st e
"‘*_ :
S S iha;m_] *
| 40 \ 4l r
M-—E»mu h“_.T.‘_‘-u' i
— ﬂ"mq_m¥_m__m,“m__ VR -
y ¢
A
e P {‘
e. —
o n
g,.._.f"



US 10,374,425 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS

2003/0045969 Al1* 3/2003 Matsuo .....ccoovvvvinen. G06Q 50/06
700/291

2005/0210304 Al 9/2005 Hartung et al.

2010/0138363 Al 6/2010 Batterberry et al.

2010/0198713 Al 8/2010 Forbes, Jr. et al.

2010/0222934 Al1*  9/2010 1IN0 .ovvevvviieieieininnn, G06Q 10/06
700/291

2012/0059528 Al 3/2012 Umesawa et al.

2012/0065792 Al 3/2012 Yonezawa et al.

2012/0083927 Al 4/2012 Nakamura et al.

* cited by examiner




US 10,374,425 B2

Sheet 1 of 7

Aug. 6, 2019

U.S. Patent

Eiiiiiiii}!1&!33%!3%1?*‘*??%?‘!‘1;

1
S
|
] |
1 ]
]
"
w [F L e b E-ihﬂlil’.;ii A, Wim Bk AN O AFMED alieh gl RN AW AT g YR K APl atwrks wrdegy Wy s [RdEm KNS suddas Lad
P et b m?iiﬁiiii&t#iif%iii% . P W S

T

ﬂ
w ACFRIBAC
| GOHAENW
i :

i
m
|
|
¥

,#%iiurgu.gg&igiiig
m m
“ M
o e
001 01




US 10,374,425 B2
R
¥
-
o

S
&
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
&\ \R $at | o G L
i
,_nlh 'y SN - ‘Nm&fm\
A s X K
Q e e e v s e i ; 7 oy
= N YRR,
7 |
m . g
-
BB m
-%Ijiiigl > > e i - Al Tl Sty s g Pl it i F—— - S " .
9 u_._.u. M "- ﬁ@yﬂimww.nm.
1 q\vu I nﬂ..u X 3 " n.\._._.pn. '
— \\._ S undrew |
L -
. .m..ﬂ 7
& J<* Y |
&
=10 w .m
u \\tii_r!rsait.iix.riiIi!t&iﬁisi?giiiiigiii iiiiiiiiiiiiiiiiiiiiiiii u.ﬁﬁ_.u.u._. ¥
1., ) , _
< AN X {
» —
iiiiiiii —y W
£
s 53

¥oumy

U.S. Patent



U.S. Patent

Aug. 6, 2019 Sheet 3 of 7

e Frapraggy

--‘mﬂ-u.__“-‘-
.
e

US 10,374,425 B2

4

s Bt .
- 4
e . X . . -‘""""""l-q...., - . . P "H:.,‘*-
T LopdTHR < F < LoadiHR =t NP G § £ G L B o
e SN LAk Ao RIX B rmae o . Sy m;wﬂ
et .__,...::N‘"MM ot
R s L ant Mﬁ“"“‘ .-r""'".#
T wrt

S
N 2;@

. Y
| I,

E imbalance
I enexrqgy
P calculabion J

;
:
E
1

¥



U.S. Patent Aug. 6, 2019 Sheet 4 of 7 US 10,374,425 B2

ﬁ&lcul&ﬁlﬂﬂ of
recuperable

i
Wki energy :

=1 )
L)

Cal&al&tlan Qi i

310

I ol 0 A T A G P ot g W e A g i T T e o FE

’%15 \ irecuperated

1@nur3y ,
S gﬁw ’

| P
| i
:
§ h@W‘ELh@dﬂllﬂq ' :
i reguiraed L*“““ oo

o |

:

1

i

i

;

b

:

¥

FIG.4



U.S. Patent Aug. 6, 2019 Sheet 5 of 7 US 10,374,425 B2

__i-—-\..—'-_.—'ﬁ

e anergy
variations 415

405 jﬁl ”*
\ T * 1mmad h '
#-:? M-‘ M M‘-M
we™ T LeadTHR < < LosdlHI T St correction
T T -~ L L 3
. !
% i
é; E
ordering of [
possible Lﬁ uuuuuuu - o
actions g

D
[
-

{h&%PHEdL3Gng?W?

\u_,,ﬂ..,\;; halt
Cﬁﬁdliiﬁnb

o Miﬁ"\h{ S P T -
i

;
i

425 N

&aiﬁﬁidtlﬂﬁ ar

e
E ;
accentability
Mkh'ﬁmgﬁﬁnd?tl@n Qi} :
= ;
é l
-

single loads

L IT W T R TR . |
1

F1G.D




U.S. Patent Aug. 6, 2019 Sheet 6 of 7 US 10,374,425 B2

|
i
t
i
430 e I

| choice of
“mfﬁtrategy

S 437

435 L \\“““"‘“"\
X e N e .t~

e T 7 1 y o é .
Ae"Gontrol OF e X F?mp%ﬁ ation of
< _single Jloads activate@?———>gingle loads
'” a

T,
""'-H-hl
b M

gy gk T

I I e e . . o e T T gy . O e . A . Ol . T - - A -
o
gt point
hl.} k - E .
e e il b i bl s P b i e, i Bl e B S e, T i P N B R g w4 e gy

sebtting ‘i

ot il T e, e e, PO PP N i 2 'Hr-m-h-nm-lﬂ'h-.-hﬁﬂrﬁ-.'-.-n AR 't O e W gy W e Y

}
new i
scheduling j




US 10,374,425 B2

Sheet 7 of 7

Aug. 6, 2019

U.S. Patent

I
:
— ik T, e S IS s i 2 el N g Pk gy
- +
+ g
Pl ol D o 0, T Sl i e, i S B S S SN ST i A S . . g
I N T N Wi 2 . ey L
3
"]
b
L
Ll
e iy ; T’ . Lk ey mly ek rial P, e T T LI, v i Tl i il il ey el By i lw
|
!
M
! ,
!
1
[
]
k_\ L]
\ |
\\ .
]
T i 2l F 1™ gy o Py . igi.lﬂt bt - o . s W%gr#%iili—

mh.nm,. E



US 10,374,425 B2

1

METHOD AND A DEVICE FOR BALANCING
ELECTRIC CONSUMPTION

INCORPORAITION BY REFERENCE

This application 1s a Continuation of U.S. Ser. No. 14/907,

453, filed Jan. 25, 2016, which 1s a § 371 National Phase of
PCT/IB2014/001374, filed Jul. 22, 2014, the entire contents

of all of which are incorporated by reference herein as 1f
tully set forth.

TECHNICAL FILED

The present invention relates to a method and a device for
balancing electric consumption.

BACKGROUND

As 1s known, in the liberalized energy market energy
supply contracts can be stipulated, for example managed by
market operators, which define a quantity of energy supplied
within determined time intervals, for example on an hourly
basis.

However, 1t can occur that owing to various phenomena,
such as particular scheduling the electric loads or manual
actuations of the users or other, the total system of loads can
be brought as a consequence to absorb a greater or lesser
quantity ol energy with respect to the energy forecast and
allocated by the market operator.

In both cases the maximum or minimum thresholds of the
energy allocation might be exceeded; when this happens
there 1s a positive imbalance with an excess of consumption
or a negative imbalance with an excessively low consump-
tion with respect to the ordered allocation, which leads to
increases 1n price for the energy and/or significant penalties.

SUMMARY

An aim of the present invention 1s to obviate the above-
mentioned drawbacks, by predisposing actions on the elec-
tric loads which enable maintaining or returning the system
internally of the agreed consumption thresholds of the
above-mentioned while at the same time limiting the impact
of these actions on the comiort perceived by the people
using the system.

A further aim of the invention 1s to attain the above result
in a way that 1s practical and economical.

The aims are attained by a method for balancing electric
consumption generated by a plurality of electric loads, the
method comprising following steps:

estimating an absorbed energy in a predetermined time

interval, and

if a value of the estimation of absorbed energy by the

loads 1s not within an interval defined by a minimum
and a maximum consumption threshold,
calculating a quantity of energy to be varied in accordance
with a diflerence between the value of the estimation of
the absorbed energy and an expected value of energy,

determining a strategy comprising at least an action to be
carried out to vary the energy supplied to the single
loads, with an aim of reducing the difference between
the estimated absorbed energy and the expected value
thereof,

actuating a scheduling of electric consumption in accor-

dance with a determined strategy.

Among the advantages of this embodiment of the mnven-
tion 1s the fact that it 1s able to return internally of a
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predetermined threshold of electric consumption a system
which for some reason had been subject to an imbalance
from the energy point of view.
This can enable avoiding penalties 1f a system were to
consume too much or too little with respect to what 1s set out
in an electricity supply contract.
The method of the invention 1s also able to adapt to all real
cases 1 which the minmimum and maximum thresholds for
consumption are variable over time, for example 1n accor-
dance with the time bands.
The method of the mvention further exhibits a broad
applicability as 1t can be applied not only to loads down-
stream of a point of distribution of the energy, but also for
balancing sub-systems of a domain operating on the single
areas thereof.
The energy-balancing method of the invention can also be
applied upstream of the points of distribution of the energy
and 1n particular can be applied to the balancing not only of
consumptions, but also balancing of the energy supply by
different electricity distributors internally of a same distri-
bution network.
A further embodiment of the invention also comprises a
device for balancing electric consumption generated by a
plurality of electric loads, the device comprising:
means for estimating an absorbed energy by the loads 1n
a predetermined time interval,

means for comparing the absorbed energy (E;) by the
loads with a minimum threshold and a maximum load
of consumption,

means for calculating a quantity of energy to be varied 1n

accordance with a difference between the value of the
estimation of the absorbed energy and an expected
value of energy,

means for determiming a strategy comprising at least an

action to be carried out to vary the energy supplied to
the single loads, with an aim of reducing the difference
between the estimated absorbed energy and the
expected value thereof,

means for actuating a scheduling of electric consumption

in accordance with a determined strategy.

Further characteristics of the invention can be deduced
from the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Further characteristics and advantages of the invention
will emerge from a reading of the following description,
provided by way of non-limiting example, with the aid of the
figures illustrated in the accompanying tables, 1n which:

FIG. 1 illustrates a diagram of the main components of the
device according to an embodiment of the invention;

FIG. 2 illustrates some cases by way of example of the
application of a realization of the invention;

FIGS. 3-6 are block diagrams of various steps of the
method of the invention; and

FIG. 7 1illustrates an example of the functioning of the
method of the invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

FIG. 1 1llustrates a diagram of the main components of the
device according to a realization of the mvention.

The device, denoted 1n 1ts entirety by numerical reference
10, 1s able to monitor the electrical consumption not only 1n
aggregate terms, but also and especially per single electric
socket.
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In particular, according to the applications to which the
device 10 1s destined, electrical consumption due to loads
such as conditioming, 1llumination, activation of machines
can be monitored, in industrial contexts and 1n general for
cach electrical load connected to the network. 5

In general, for each electrical load there will be a different
time progression of the electric consumption, such as for
example represented in blocks 20, 25 and 30.

Each of the electrical loads can be monitored via an
interface 40 provided with sensors which measures the 10
clectrical parameters of the load directly on the single
clectrical sockets, for example current, tension, active
power, reactive power, apparent power, active energy, reac-
tive energy, apparent energy. These measurements can be
carried out 1n precision classes 0.2 and 0.5. 15

The totality of the interfaces 40 forms a power sub-system
45.

The power sub-system 435 not only carries out the mea-
surements of the loads, but also provides electrical supply to
the loads directly connected thereto. 20

In this way, 1n a case of energy balancing, the power
sub-system 43 can intervene on electric loads selectively, as
a result of the calculations of the balance algorithm 1llus-
trated 1n the following part of the present description.

In particular, the power sub-system 435 also has the 25
function of controlling the electrical load by means of, for
example, switching on and off, partializing the load, man-
aging alarms, security measures, stand-by killers, manage-
ment of electrical peaks, control of time changes and each 15
minutes relating to the contractual power used defined 1n the 30
contract with the supplier of electrical energy, memoriza-
tion, 1n definable time periods, of the energy consumption of
every single electrical socket, memorization of the emission
ol carbon dioxide and others besides.

The power sub-system 45 1s connected, by means of a 35
serial interface sub-system 50, or another type of connection
for data transmission, including wireless, to a monitoring
sub-system 35 where the data of the electrical consumption
of each load 1s memorized, with the aim of constructing a
database 57 of the data. 40

Firstly, as 1t 1s possible to monitor the single electrical
loads, thanks to the system 10 described above, it 1s also
possible to classity the electrical consumption by sub-
dividing 1t into areas of consumption following criteria of
homogeneity. 45

For example, an area can be constituted by a floor of a
public structure, such as a hospital, with 1ts consumption in
terms of lighting, conditioning, heating, or 1t can be consti-
tuted by a machine 1n a production plant of a company or by
a group of machines of a same type, or even by using other 50
criteria of similarity or homogeneity.

The 1dentification of the areas defined 1n this way enables
constructing groups of areas which have 1n common a same
use destination or which belong to a same user of the
electrical service; these are defined as domains. 55

Non-limiting examples of domains, for which the various
embodiments of the ivention can be applied, can be: a
hospital, a steelworks or a winery, each of which domains
has specific needs 1n terms of electrical consumption.

A domain can be sub-divided into various groups or 60
clusters, 1.e. which collect in each group a specific type of
data representing the electrical consumption such as to
create significant sub-divisions of the electrical consump-
tion.

By way of example, by means of the above-mentioned 65
profiling operations two types of consumption can be iden-
tified, each associated to a specific group (or cluster) of data,

4

1.€. to a first group of data representing electrical consump-
tion due to essential services and in a second group of data
representing electrical consumption due to activities of a
discontinuous nature, such as for example productive activi-
ties.

Table 1 below summarizes the concepts of areas, clusters
and domains:

TABLE 1
Domain Services Production
Hospital Lighting, HVAC, Hospital machines
UTA, etc.. e.g. C1 scanners,
PET, etc.
Steelworks Lighting, HVAC, Furnace, high-
UTA, etc.. intensity machines
with high electrical
consumption.
Winery Lighting, HVAC, Wine production
UTA, etc. machines.

Following these operations, 1t can be seen that the essen-
tial services generate substantially constant electrical con-
sumption and the load groups, due to productive activities,
generate consumptions that vary over time.

With the data gathered in this way controls are carried out
on the progression of the consumption trend, verifying that
the quantity of electric energy absorbed by all the plants and
the devices forecast for within the hour, while maintaining
the power, 1s comprised within the availability of hourly
energy defined by the market operator as a load profile
interval on an hourly basis.

As better illustrated 1n the following, the system of the
invention 1s able to perform balancing operations of the
clectric loads, operations managed by a respective module
60, 1n a case 1n which the above-described conditions do not
obtain.

The balancing module 60 manages the energy imbalance,
1.€. 1ts task 1t to analyze consumption and, according to the
differences between eflective consumption and allocated
consumption, apply a combining optimization so as to select
the steps to be taken to modily the present scheduling and
compensate any imbalance that might occur.

In a preferred embodiment of the present invention, the
balancing algorithm can be operated by sub-dividing the
hours of the day into 15 minute periods, with the under-
standing that this subdivision 1s illustrated herein by way of
non-limiting example of the possible time sub-divisions of
the balancing algorithm.

Further, for reasons of simplicity, in the present descrip-
tion ol the balancing algorithm reference 1s made to the
concept of electric load, while its being understood that the
balancing can be made 1n single areas too, 1.e. 1t 1s possible
to manage the balancing of a domain by means of correction
in the single areas, as well as 1ts being possible to operate so
as to balance a sub-set of a domain, 1.e. one or more clusters,
by operating on only the areas belonging to that sub-set.

Therefore, 1n a situation of a quantity of energy to be
recuperated or consumed caused by the forecast imbalance
it 1s necessary to find a set of actions which modily con-
sumption 1n the time remaining at the end of the hour 1n such
a way as to be within the hourly energy budget, thus limiting
the 1mpact on comiort.

A Turther constraint, optional, 1s the observance of con-
sumption thresholds for the single loads about the forecast
consumption of the set scheduling. This constraint also helps
to understand whether the imbalance 1s due to a bad defi-
nition of the loads or to an external intervention.
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The actions eflectible on the electric devices can be
ordered 1n a list 1n which there 1s indicated also a reduction
of the energy obtainable and the impact this has on the
comiort perceived by the users, which 1s defined 1n terms of
priority.

In other words, to high priorities correspond actions
which strongly impact on the perceived comiort, while to
low priorities correspond expendable or modifiable loads
without creating discomifort to the users occupying the
structures or the buildings of interest.

By way of example, some of the factors influencing the
priority of actions are:

evaluation of the user, 1.e. impact on comifort and utility;

type of load or area;

component of the consumption profile on which the load

or arca will impact, 1.e. modulated or substantially
constant profile of the consumptions;

imbalance of a single load;

other i1dentifiers associated to areas.

The problem under discussion therefore reduces down to
a problem of optimization with the aim of minimizing the
sum of the priorities of the actions undertaken:

min 3, 4 X;*Priority[ V7]

setting the constraint that the sum of the variations of
energy ol the actions selected to intervene on the system to
be balanced is able to compensate the imbalancing internally

of the h-th hour.

g XV s lAl

and

Ak+EI-ZGNAX;- 2 Vf"mﬂmargiﬂh

where:

N i1dentifies the number of actions available;

X. 1s the binary vector [1, N] which identifies the chosen
strategy, 1.e. expressed as a selection of the 1-th actions
to be used,

Vr, indicates the variation of energy obtainable by the 1-th

action,

the priority [ Vr,] indicates the priority of the 1-th action,

1 (with j=4-k) indicates the number of quarter-hours
remaining in a determined hour,

Ah 1s the quantity of energy to be recuperated or to be
consumed, according to imndividual cases, within the end of
the h-th hour, so as to compensate for the imbalance,

margin, 1s a degree of tolerance used as a stop condition
of the algorithm and 1s representative of the maximum
acceptable diflerence between the effects of the strategy and
the energy to be varied eitther 1n excess or defect.

FIG. 2 represents come cases by way of example 1n the
interest of better claritying the symbology used.

In a first case, the estimation of the energy absorbed by
system E, 1s within the thresholds fixed by the market
operator, 1.e. 1s lower than a maximum threshold THR
and higher than a minimum threshold THR . . The system
therefore does not require balancing actions.

In a second case, the estimated energy absorbed E, 1s
lower than the minimum threshold THR . . The term A,
indieates the difference between the estimated absorbed
energy E, and an expected value THR_, thereot and 1n this
case the following 1s true: A, <0. To balance the system 1t 1s
therefore necessary to increase the energy consumption.
This can be done by determining a strategy to be actuated so
as to vary the energy supplied to the single loads expressed
by the formula X, ,“X, *Vr, .. The term margin, indicates the
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6

maximum variation acceptable between the eflects of the
strategy and the eflective energy to be recuperated or to be
consumed.

In a third case, the established energy absorbed E; 1s
greater than the minimum threshold THR . In this case the
difference between the estimated absorbed energy E, and an
expected value THR_, , thereof 1s expres sed by the condition
A,>0. To balance the system 1t 1s therefore necessary to
reduee the energy consumption.

In general the thresholds THR,,,, THR,  _and THR_
can vary over time and their value, as a function of the time
interval of interest, 1s memorized in the database 57.

Naturally the above-illustrated strategy will be detailed 1n
the following of the present description by way of non-
limiting example of the balancing energy strategy of the
present invention.

As the selection of an action 1s defined 1n binary terms (1
action selected, 0 action rejected), the search for the more
appropriate balancing actions, which can therefore give rise
to a suitable scheduling of the balancing, can be interpreted
as a problem of binary combinatory optimatiszation.

This problem 1s similar to the combinatory problem
known as the knapsack problem, 1.e. given a knapsack which
can support a determined weight and, further, given N
objects, each of which 1s characterized by a weight and a
value, the problem presented 1s that of selecting which of
these objects can be placed 1n the knapsack so as to obtain
the greatest value without exceeding the weight that can be
supported by the knapsack. This type of problem belongs to
the area of NP-complete problems, 1.e. problems the com-
plexity of which 1s such that no algorithm has yet been found
to solve them 1n a polynomial time.

Thus, considering the quantity of variable and the limited
calculation time for solving (for practical ends) this prob-
lem, 1t 1s preferred to perform a progressive filtering of the
possibilities selected from among the available actions for
reducing the calculating complexity, then to calculate a
possible strategy, 1.e. a set of actions to be implemented, not
necessarily optimal but 1n any case acceptable for practical
reasons, using a Greedy heuristic.

In general, a Greedy algorithm selects, at each 1teration,
the element which, at that step, 1s most advantageous
without taking account of the overall structure of the solu-
tion.

A further constraint of the problem, this time of a tech-
nical type, 1s the impossibility of using a plurality of actions
in the same quarter-hour which influence on the same load
variables 1n the same actuation.

A further optional control 1s performed to check that the
selected actions compensate for any imbalanced single loads
ID, such as to modily the normal scheduling as little as
possible.

That 1s, 1t 15 necessary to evaluate whether the selections
made also solve any problems of the single loads, 1.e:

N oL
20 Xip: " Vi i 1sAmp

N s :
AmpatZieo Xip: Vi JELeadMargmmﬁ

where the variations Vr;,, ; are those associated to the
imbalanced loads for each time interval j, and A, , 15 the
quantity of energy to be recuperate or consumed for each
single load, according to cases, within the end of the h-th
hour, to compensate for the imbalance, which quantity 1s
calculated by means of the formula:

A1 [Wh]:(EIE,E_LDHdTHRIBﬁ,exp)*[(4_k)+1]
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In the above-reported tormulae, the vector X, , 1s the
binary vector X1 with only the elements operating on the

imbalanced loads ID.

The value LoadMargin,,, ;, 1s a margin of tolerance which
indicates the maximum variation acceptable between the
cllects of the strategy and the eflective energy to be recu-
perated or consumed for the load ID and for the hour h and
represents a percentage ol the interval defined by the
expected value of the consumption and the minimum or
maximum threshold (depending on the sign of the quantity
to be recuperated).

The variable E;, , represents the estimation of the energy
absorbed by each single load and the variable Load
THR,p; .., Of the expected consumption for each single

load.

A check on the consumptions of the single loads 1s also
ellected 1n the case in which no imbalance of the total
consumption obtains with respect to those predicted.

The action to be undertaken 1n these cases can be selected
by the user (control on the consumption interval or limita-
tion to upper or lower threshold), which action can consist
only in signalling the anomaly (therefore the inaccuracy of
the forecast of the particular load, or the faulting connection
of the system) or the actuation of compensating actions to
limit the consumption of the load to the forecast consump-
tion.

At each implementation of the algorithm a preliminary
analysis 1s made where an evaluation 1s also made of
whether the present scheduling 1s original or already modi-
fied, for example by a preceding intervention of the algo-
rithm.

If the current scheduling has already been modified by the
balancing algorithm, the balancing module 60 also evaluates
whether the progression of selection previously taken 1s
giving the programmed eflects. It this 1s not verified, the
balancing module 60 generates a new strategy to oppose the
imbalancing 1n the time remaining up to the end of the hour.

Given that 1n the proposed algorithm the measurements
are made each quarter of an hour, with the number of
quarter-hours defined as k=0, 1, 2, 3, and the schedulings are
determined at the start of the hour, the first measurement will
belong the measurement of the preceding scheduling. This
makes the first quarter of an hour unusable for the managing
algorithm of the imbalancing, but useful for generating an
analysis report.

As schematically represented in FIG. 3, the algorithm
reads the present time and, 11 the time read indicates that it
1s 1n the first quarter of an hour (k=0 1n block 205), on this
occasion 1s only an analytical result of the progression of the
consumptions in the preceding hour 1s made, retrieving the
data from the database 57 (block 200). As the measurements
are 1n terms of power, an estimate of the energy 1s made as
an average of the measurements and 1s automatically con-
verted into Watts per hour [ Wh].

The analytical report of the first quarter of an hour 1s
composed as follows (block 210).

Firstly, a calculation 1s made of the energy consumed
E .1y 1n the previous hour h-1, where h 1s the present time,
according to the formula:

4
Z measurements W |
i=1

En-1h[Wh] = 1
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where h represents the present time and the 1-th measure-
ments (1n Watts) are the measurements 1n the hourly inter-
vals (h-1):15, (h-1):30, (h-1):45 and h:00 extracted from
the database 57.

Further, the thresholds are retrieved from the database 57
with reference to the preceding hour:

THR -1y, [Wh]

where h 1s the present time and v 1s the type of threshold
[min,max,exp], 1.e. minimum, maximum or expected. This
1s because every hour, or even every quarter ol an hour, of
the day can be associated to different comparison thresholds,
for example on the basis of the various time bands.

The quantity of energy consumed 1n excess (or i defect)
Q.-1) With respect to the expected value thereot THR;, ..,
1s therefore given by the following formula:

Q(h—l) [Wh]:E(h—l)_THR(h—l)exp

As mentioned above, 1n the first quarter of an hour of each
hour, only an analytical report of the progression of the
consumptions during the preceding hour 1s drawn up, and
then the algorithm terminates.

If, on the other hand, the management algorithm of the
imbalance 1s started up 1n a quarter of an hour k-th different
from the first, 1t retrieves the data from the database 57 and
ellects a series of estimates to prepare the data for evaluation
(block 220).

In the fifteen-minute periods following the first, the esti-
mate of the absorbed energy E, from the start of the hour
proportionately to the quarter of an hour 1s calculated using
the following formula:

( & )

Z measurements W |,
i=1
\ k /

k

where k 1s the number of the present quarter of an hour
and measurements [ W, ] are the consumptions measured and
extracted from the database 57.

Further, the comparison thresholds made proportionate to
the quarter of an hour are retrieved from the database 57:

k
THRiy [Wh] = 7 « THRy,, [Wh

Where h 1s the present time and v 1s the type of threshold
min,max,exp]|, 1.e. minimum, maximum or expected.

Then a comparison (block 240) 1s made between the
calculated consumption and the expected maximum
THR, .. and mimimum THR, , ., thresholds of consump-
tion, and 1f

THR

Frnin

<E,<THR,

R

then the consumption 1s within the norm and the program
terminates, signaling that no imbalance (block 230) is pres-
ent.

If the control on the single loads 1s also active, the
algorithm also evaluates whether the consumptions of the
single loads E,;,,; are respecting the maximum Load
THR £ 4 o O minimum LoadTHR,,, thresholds, con-
firming the forecasts:

Jo mmir

LoadTHR /5 1 i <Ep i <Load THR 5 1 pax
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If this 1s true the program terminates, signaling in its
system log that the gateway (block 230) 1s functioning
correctly.

In the contrary case the program will signal the eventual
anomaly 1n the consumptions (block 235) and at the user’s
discretion the anomaly can be corrected with the selection of
actions available on the imbalanced load.

In particular, a strategy can be set up comprising at least
an action to be actuated so as to vary the energy supplied to
the single load which does not respect the minimum Load-
THR,, or maximum LoadTHR,, consumption
load.

If the overall system has consumed more than expected,
the subsequent step 1s the calculation of the quantity of
energy to be recuperated or consumed for the h-th hour
(block 250).

In this way the hourly excess can be controlled between

the energy consumed and the expected value from the start
of the hour:

Jo i k.max

Ay, [Wh]=(E,-THR; )" [(4-F)+1]

In this case, if A, <0 the system 1s below threshold and the
consumption has to be increased; while 1f A,>0 the system
1s above threshold and the consumption must be reduced.

The term (4-k)+1 includes the hypothesis that the imbal-
ance originates from the last quarter of an hour, 1. the
preceding quarters of an hour have not produced diflerent
consumptions ifrom those predicted, as if this were true they
would have been evaluated before.

With reference to FIG. 4, 1t 1s verified whether the present
scheduling 1s the eflect of a preceding intervention of the
balancing algorithm (block 300).

I this 1s true, the program analyses the progression of the
scheduling previously undertaken and compares 1t with the
linear forecast for the progression thereol, evaluated inter-
nally of a margin of tolerance, while i1 it 1s not true the
strategies would never be accepted 1f they did not obtain
compensation values i1dentical to the forecast variation.

In this way the calculation of the recuperable energy
Ay, spotnesisea €@ be made every quarter of an hour (block
310) thanks to the balancing scheduling, where the formula:

N h
ZXfﬁcVF‘jJ
0 )

=
&h,hypamfsi&m‘ [Wh] =

4—1

represents the hypothesized vanation, the i1deal effect of
the balancing scheduling started at quarter-hour t.

The calculation of the recuperated energy A, ,...c.eq €aN
also be made from the start of the scheduling of the

balancing;:

Ah,measarfd Wh] —

k—1
4—1

(measurement pre—gcmation | Wh] — measuremeniy, [Wh]) =

Where measurement, . ... . indicates the measure-
ment of the energy consumed before a previous scheduling,
for example an emergency scheduling and measurement,
indicates the measurement of the energy consumed after the
n-th quarter of an hour from the quarter-hour t.

In this way a control 1s made on the basis of the theoretical
forecast of the variable A 1f the effect of the

hhvpothesised
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scheduling 1s also positive 1 terms of the wvariable
A, . .. .. which refers to a condition betore the start of the
emergency scheduling, i.e. derived from the balancing algo-
rithm.

The variable measurement, depends instead on each
single quarter-hour in such a way that the vanable
Aj, measireq 1NAICates a measurement of the energy recuper-
ated for the purposes of the energy balancing so as to return
to an acceptable situation.

The recuperated energy A, ,...s.eq 18 proportioned on the
basis of the relation between how much time has passed
since the start of the actuation of the emergency scheduling
and for how much time 1t has been predicted.

At this point a calculation 1s made of whether the emer-
gency scheduling i1s able to return the system to within the
thresholds within an hour, at less than a margin of tolerance
defined as margin_tolerance_recuperation (block 320) with
the following formula:

" ,
‘&h_m easured ‘&h?h_yporh esised (k - ZL) <M El.l'gl]fl_tﬂ ler ance_re-
cuperation

I1 this condition 1s satisfied, 1.e. 1f the scheduling produced
previously 1s giving the hoped-for result, the program sig-
nals this condition and 1s halted (block 330).

In a contrary case, a new scheduling (block 340) 1s
required.

The program 1s therefore restarted with the specification
of producing a new scheduling of the remaining time and a
compensating ol the imbalance produced by the 1nitial
problem added to the energy non-compensated for during
the preceding scheduling.

With reference to FIG. 5, the production of the new
scheduling 1s done first by extracting from the database 57
the data received from the energy market operator or taken
from other sources relating to the actions that can be carried
out in the case of emergency available for that hour.

This operation 1s done by extracting from the database 57
the control actions usable and the relative available energy
variations 1n relation to the present day and time and the
associated loads:

Vr: [Wh] = Vr; ; « Zi

Each 1-th variation, with 1 belonging to N (number of valid
and available variations) 1s proportioned with J=4-k, 1.e.
with respect to the number of quarter-hours remaining for
actuation (block 400).

To limit the possibilities and calculation time of the
program, these actions are filtered by removing those which
taken alone would produce a greater effect than the 1imbal-
ancing to be compensated.

Optionally the control of the consumption of the single
loads (block 405) can be activated. It this control evidences
that some loads are consuming differently to forecasts, the
available actions associated to this load take on a greater
importance with respect to the others (1f the single load 1s
enabled for control of consumption), and are then positioned
in evidence among the actions for the return from imbalance.

With the aim of applying a Greedy-type heuristic, the list
ol actions 1s ordered decreasingly with respect to the abso-
lute value of the obtainable variation, and in increasing order
of priority so as to select first the strategies that have a
minimum effect on comiort, but a greater eflect on compen-

sation (block 410).
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On completion of this procedure, the program calculates
a halt condition (block 420), expressed 1n terms of an energy
margin which indicates whether the effects forecast by the
selected strategy are acceptable so that the search for further
actions can be concluded.

The acceptable out-of-balance quantity 1s a percentage
threshold of the displacement between the expected value of
the consumptions THR_ , and the acceptable imbalance
maximum and minimum thresholds THR __THR .

For the calculation of this halt condition to respect the

thresholds every quarter-hour tz_le following formula 1s used:

margin, [Wh]=ITHR,, . ..~THR__|*margin_percent

where h 1s the present time, THR,,;,, ... 1S min in the case
in which A;<0 or max in the case mm which A >0 and
margin_percent 1s a percentage value which identifies the
nearing of the desired value to the expected value internally
of the predefined thresholds.

If the vaniable margin_percent 1s at 0% the value of
margin, 1s 0, so the desired value will tend to the expected
value; 1f 1t 1s 100% the desired value will be within the
closest threshold (max,min).

If the imbalance control for each single load 1s present, an
internal acceptability condition 1s calculated at the single

thresholds of consumption of the single loads at the quarter-
hour (block 425), 1.¢:
LoadMargin [Wh]=LoadTHR,;, ...—
LoadTHR,,,* LoadMarginPercent
where h is the present time and LoadTHR ,,,, .. 1s min in

the case in which E,, , of the same load 1s lower than the
minimum threshold and max in the case where E, ; of the
same load 1s greater than the maximum threshold and
LoadMarginPercent 1s a percentage value identifying the
nearing of the desired value to the expected value internally
of the predefined thresholds.

If the vaniable LoadMarginPercent 1s 0% the margin,
value 1s O and the desired value will tend to the expected
value; 1f 1t 1s 100% the desired value will be within the
nearer threshold (max,min).

When these preparations have been concluded, the pro-
gram has all the data with which to find an acceptable
strategy by 1terating the following algorithm up to the
satisfaction of the second constraint.

As 1llustrated in FIG. 6, the choice of the strategy (block
430) 1s made so as to fall within the thresholds, as a
combination of the variations available, and to limit the
imbalance.

The objective 1s therefore to minimize the impact on the
system of the control actions, 1.e. minimize the sum of the
priorities of the actions undertaken:

min ¥, 4 X;*Priority[ V7]

by imposing the constraint that the sum of the energy

variations selected 1s able to compensate the imbalance
internally of the h-th hour:

Z 6 X HVr s IA

and

Ak+EI-ZGNAX;- 2 Vf"mﬂmargiﬂh

The algorithm 1s summarized in a cycle which runs
through the available actions and 11 these actions make a
positive modification to the problem they are accepted by
signaling the choice 1 vector X, (and prohibiting the use of
other choices using the same load).
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If the control of the single loads 1s activated (block 434),
a further constraint 1s set on the consumptions of the single
loads.

This means that in this case 1t 1s necessary to evaluate 1f
the choices made also solve any imbalance of the single

loads (block 437), 1.e. that with:

Arp [Wh]:(Efﬂ,f_LﬂﬂdTHRfﬂﬁ,exp)*[(4_k)+1]

where the constraints on the choice of actions are:

N e
20 X Vi i 1=\1Ap 5]

N st '
ApatZi—o X *Vip ; <LoadMargingy, 5,

If the chosen strategy does not solve these single 1imbal-
ances a new strategy has to be composed; otherwise the
algorithm proceeds.

The cycle concludes at the moment when the sum of the
selected eflect compensates the whole imbalance, with the
margin of tolerance margin, .

With the vector X, satistying the specifications known, the
program searches for the variables to set in the loads defined
by the chosen actions 1n the vector (block 440).

The recuperated variables are set 1n the actuation of the
main scheduling for the current quarter-hour, so that the
results can be appreciated in the new measuring and analysis
cycle of the following quarter-hour (block 450).

In FIG. 7, for example, the functioning of the application
ol a chosen strategy of the balancing algorithm on the total
power profile of the apparatuses 1s illustrated.

In FIG. 5 curve A indicates the interpolation of the points
of the load power measurements, while curve B indicates the
expected power value indicated by the market operator. The
area comprised between the curves S'.S" represents the
acceptable imbalance thresholds 1n which the consumption
of the system should be placed.

Betore 11:00 the balancing algorithm 1s not active, and the
system therefore operates only 1n terms of monitoring and
scheduling.

When the imbalance management program 1s launched,
the system 1s automatically brought into the admaitted band
and operates on the devices the scheduling of which was
modifiable at that time.

In detail:

at 11:00 hours the balancing management algorithm 1s
launched;

at 11:15 hours a difference between actual consumption
and forecast consumption i1s evaluated; in this case the
consumptions should be increased as the market operator
has allocated more energy than what was requested;

the algorithm decides to modily the scheduling the
devices so as to compensate the differences between the
consumptions within an acceptable margin;

a few minutes after 11:15 the scheduling 1s modified and
actuated, producing, in the 11:30 measurement, a correct
increase 1n the consumption, which takes the curve into the
area of tolerance;

the system proceeds with these consumption levels up to
12:00 when a new primary scheduling 1s launched, the
scheduling produced by the imbalance 1s overwrtten to
change the setting values previous to the modification and
apply the new scheduling.

Obviously modifications or improvements can be brought
to the invention as it 1s described, dictated by contingent or
particular motivations, without forsaking the scope of the
invention as claimed 1n the following.
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The 1nvention claimed 1s:

1. A method for balancing electric consumption generated
by a plurality of electric loads, the method comprising
following steps:

estimating an absorbed energy (E,) by the loads 1n a

predetermined time interval, and

if a value of the estimation of absorbed energy (E,) by the

loads 1s not within an interval defined by a minimum
(THR, ;) and a maximum (THR, , ) consumption
threshold,

calculating a quantity of energy to be varied 1n accordance

with a difference (A,) between the value of the estima-

tion of the absorbed energy (E,) and an expected value
of energy (THR

k.ex )?

determining a strateg; comprising at least an action (Vr,)
to be carried out to vary the energy supplied to the
single loads, 1 order to reduce the difference (A,)
between the estimated absorbed energy (E,) and the
expected value (THR, ) thereof, and

actuating a scheduling of electric consumption 1n accor-
dance with a determined strategy,

wherein the step of determining the variation strategy of
the energy supplied to the loads comprises a step of
determining available variations (Vr,) of energy which
can be supplied to the loads, and

wherein the variations (Vr,) of the energy supplied to the
loads are made by selecting the loads to be varied so as
to minimize an impact on the perceived comiort based

on a following criterion:

N
nﬁnz X; % Priority{ Vr:]
1=0

where X 1s a binary line vector [1,N] identifying whether
a variation 1s used, Priority [Vr,] 1s an index propor-
tional to the impact the 1-th vanation Vr, has on the
perceived comiort and N denotes the number of avail-
able actions.

2. The method of claim 1, wherein the available variations
(Vr,) of energy which can be supplied to the loads are
ordered 1n a decreasing order with respect to the absolute
value of variation and 1n an increasing order in accordance
with an impact that the variations (Vr,) have on percerved
comiort.

3. The method of claim 1, wherein the variations (Vr, ))
selected internally of each temporal interval 7, satisty fol-
lowing constraints:

< A

N
Z XE &2 Vri,j
=0

and

< margin,

N
&h'I'ZXE*VE,j
i=0

where A, indicates the difference between the estimated
absorbed energy (E,) and the expected value thereof
(THR, ., ,) and margin,, indicates the maximum accept-
able discrepancy between the effects of the strategy and
the energy to be recuperated or consumed.

4. The method of claim 1, wherein a verification step 1s
included of the effects of a scheduling of electric consump-
tion and, in a case where the verification has a negative
outcome,
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a step of determining a new energy variation strategy of

the energy supplied to the single loads.

5. The method of claim 4, wherein the verification step of
the effects of a scheduling of electric consumption com-
prises calculating a difference between the eflects of the
scheduling 1n action and a theoretical forecast of the eflects,
where the verification has a negative outcome 1f the differ-
ence 1s greater than a margin of tolerance.

6. The method of claim 1, wherein a step of estimating the
absorbed energy (L, ;) by each single load 1s included, and
if the value of the estimation of the absorbed energy (E;, ;)
from each single load 1s not within a range defined by a
minimum threshold (LoadlHR,,, ... ) and a maximum
threshold (LoadTHR, ; ,,..) 0f consumption tor each load,
a step 1s mcluded of determiming a strategy comprising at
least an action to be performed so as to vary the energy
supplied to the single load which does not respect the
minimum threshold (LoadTHR,, ; ,...) or maximum thresh-
old (LoadTHR ;1 4 ,,.) 0f consumption.

7. A non-transitory computer readable medium for carry-
ing out the method of claim 1.

8. A control apparatus comprising a control unit, a
memory and the non-transitory computer-readable medium
of claim 7 stored in the memory.

9. A device for balancing electric consumption generated
by a plurality of electric loads, the device comprising:

means for estimating an absorbed energy (E,) by the loads

in a predetermined time interval,

means for comparing the absorbed energy (E;) by the

loads with a minimum threshold (THR, ) and a
maximum load (THR, ,,..) of consumption,

means for calculating a quantity of energy to be varied 1n

accordance with a difference (A,) between the value of
the estimation of the absorbed energy (E,) and an
expected value of energy (THR, ).

means for determiming a strategy comprising at least an

action (Vr,) to be carried out to vary the energy supplied
to the single loads, with an aim of reducing the differ-
ence (A,) between the estimated absorbed energy (E,)
and the expected value (THR, . ,) thereot, and

means for actuating a scheduling of electric consumption

in accordance with a determined strategy, wherein the
means for determining the vanation strategy of the
energy supplied to the loads are configured to deter-
mine available variations (Vr,) of energy which can be
supplied to the loads, and

wherein the variations (Vr,) of the energy supplied to the

loads are made by selecting the loads to be varied so as
to minimize an impact on the perceived comiort based
on a following criterion:

N
min » X;* Priority| Vr;]
i=0

where X1 1s a binary line vector [1,N] identifying whether
a variation 1s used, Priority [Vr,] 1s an idex propor-
tional to the impact the i1-th vanation Vr, has on the
perceived comiort and N denotes the number of avail-
able actions.
10. The device of claim 9, wherein the device comprises
a power sub-system (43) able to operate on the distribution
of the energy to the electric loads located downstream of a
distribution point of the electric energy.

G o e = x



	Front Page
	Drawings
	Specification
	Claims

